To assess the genetic diversity of pneumococci causing serious disease within the United States, restriction profiles of 3 penicillin-binding protein (PBP)-gene amplicons and the dhf amplicon were examined in 241 recent sterile-site isolates from 7 population centers. This analysis provided markers useful for epidemiologic studies and was generally predictive of resistances to b-lactam antibiotics and trimethoprim-sulfamethoxazole. Eight pulsed-field gel electrophoresis (PFGE) types, each representing 3-40 isolates, accounted for 134 of the 144 b-lactam-resistant pneumococci (MICs у1 mg/mL for penicillin, cefotaxime, or both). Five of these PFGE types contained subtypes highly related to subtypes of previously characterized pneumococcal clones. Within 4 of these PFGE types, the major composite PBP gene-dhf profile was highly related to the composite profile from the previously characterized related clone. Eight capsular serotypes were found among the 144 b-lactam-resistant pneumococci. Divergent capsular types among isolates with identical PBP gene-dhf profiles and related PFGE types indicated several instances of capsular serotype switching.
the presence or absence of selection, and strains carrying these alleles serve as resistance-gene reservoirs for the horizontal transfer of b-lactam resistance to other pneumococcal strains [13] [14] [15] .
In recent years, pneumococcal resistance to trimethoprim has also risen sharply, and a high percentage of isolates resistant to trimethoprim is also resistant to b-lactam antibiotics. Trimethoprim inhibits the essential metabolic enzyme, dihydrofolate reductase (DHFR), and trimethoprim resistance in pneumococcal clinical isolates is due to modifications within the dhf gene [17, 18] . Recent results suggest that pneumococcal resistance may be acquired through horizontal transfer events that result in mosaic dhf genes [17] , and it has also been postulated that resistance occurs through naturally occurring point mutations within dhf [18] .
The phenomenon of capsular type switching between pneumococcal strains has been extensively addressed in recent years [7, [19] [20] [21] [22] . Presumably, capsular switching is detectable in natural pneumococcal populations as a direct result of immunologic selective pressure. Strains that appear to be genetically identical, except for type-specific differences at the cps (capsular serotype) operon, are indicative of this phenomenon [7, [19] [20] [21] [22] . Since such strains are easily detected among pneumococcal clinical isolates, this indicates that this phenomenon occurs frequently. Increased virulence attributed to capsular type switching [22, 23] and the potential of spreading multiresistance to new serotypes are reasons for increased concern.
Endonuclease cleavage profiles of resistance genes can be used for epidemiologic study, but this approach can also allow rapid identification of antibiotic-resistant or -sensitive pneumococci [24, 25] , potentially directly from clinical specimens 23F -1 (strain SP264, ATCC 700669) [7, 27] , Spain 6B -2 (GM17, ATCC 700670) [28] , France 9V -3 (strain SP195, ATCC 700671; highly related to strain 665) [7, 29] , Tennessee 23F -4 (strain SP196, ATCC 51916) [29, 30] , England 14 -9 (strain SP200, ATCC 700676) [31] , Spain 14 -5 (strain VH14, ATCC 700672) [32] , Hungary 19A -6 (ATCC 700673) [27] , South Africa 19A -7 (strain 17619, ATCC 700674) [33] , South Africa 6B -8 (strain Sp199, ATCC 700675) [33] , Slovakia 14 -10 (strain 91-006571, ATCC 700677) [34] , and Slovakia
19A
-11 (strain 91-0006571, ATCC 700678) [34] .
Polymerase chain reaction (PCR).
Crude lysates were used for PCR templates, as described elsewhere [25] . Primers were selected on the basis of published sequences of pbp1a [35] , pbp2b [5] , pbp2x [36] , and dhf [17, 18] . Primers pbp2bf (GATCCTCTAAAT-GATTCTCAGGTGGCTGT) and pbp2br (GTCAATTAGCT-TAGCAATAGGTGTTGGAT) were used to amplify the pbp2b gene. Primers pn1af (GGCATTCGATTTGATTCGCTTCTAT-CAT) and pn1ar (CTGAGAAGATGTCTTCTCAGGCTTTTG) were used to amplify pbp1a. Primers pbp2xf (CGTGGGACTATT-TATGACCGAAATGGAG) and pbp2xr2 (GGCGAATTCCA-GCACTGATGGAAATAA) were used to amplify pbp2x. Primers dfrf (CTATTTTGTAAGCTATTCCAAACCAGTCT) and dfrr (GCTCCTGCCAGAAGGCAGATGAAACACAG) were used to amplify dhf from most isolates used for this study. Primers r6dhf5 (ATGACTAAGAAAATCGTAGCTATTTGGGCC) and r6dhf3 (CATCCAATACCGCAAGAGAAAGGAAGTCTAA) were used to amplify all isolates of dhf profiles 13-15 because the dhf gene from these isolates was not amplifiable with dfrf and dfrr.
Restriction-enzyme profiling. PBP-gene amplicons were subjected to HaeIII plus RsaI digestion by the addition of 3 U of the respective enzymes to 10 mL of unpurified PCR product, followed by у0.5 h of incubation at 37ЊC. dhf amplicons were subjected to HaeIII plus RsaI plus Hinf1 digestion in the same manner, with the addition of 3 U of each enzyme. Digests were analyzed by use of agarose gel electrophoresis, as described elsewhere [25] .
Pulsed-field gel electrophoresis (PFGE). All isolates with MICs у1 mg/mL for cefotaxime and penicillin and 17 isolates with MICs !1 mg/mL for these antibiotics were typed by determining the SmaI restriction pattern, as described elsewhere [37] . Isolates differing by only 1-6 bands from subtype 1 for each group (type) were assigned a common type. Isolates within each PFGE type with exactly the same PFGE profile were assigned the same subtype. Isolates with 16 bands of difference from subtype 1 of each type were considered unrelated isolates [38] and were assigned a different PFGE type.
The grouping method using arithmetic averages, called "weighted average linkage," was performed to create a dendrogram with scanned PFGE profile images from a database scanner and software (Diversity Database, Huntington Station, NY), as described by the manufacturer. The dendrogram was generated to ensure that the PFGE types, determined visually during this work, were nonoverlapping and consisted of related subtypes. DNA relatedness was calculated on the basis of the Dice coefficient (the number of shared /total number of bands in the 2 bands ϫ 2 ϫ 100 samples).
Results
Sample set. A diverse group of 241 recent pneumococcal, sterile-site clinical isolates was analyzed by PBP-gene and dhf restriction profiling. The sample selected included 169 isolates (70%) that were intermediately resistant or resistant to penicillin (MIC у0.12 mg/mL) and 143 isolates (59%) intermediately resistant or resistant to cefotaxime (MIC у1 mg/mL). In the total ABC population, the actual percentages of isolates resistant or intermediately resistant to penicillin and cefotaxime were 25% and 14%, respectively.
Clonal relationships among b-lactam-resistant pneumococci (BRP). We analyzed genomic relatedness between 140 of the 144 BRP by PFGE analysis. Excluding an unusual serotype 7F isolate, 7 different serotypes, including 6A, 6B, 9A, 9V, 14, 19F, and 23F, were represented (table 1) . Of the 144 isolates with 
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MD, TN, CT, GA MICs у1 mg/mL for penicillin or cefotaxime (or both), 134 (93%; 4 of the 144 isolates were not analyzed by PFGE) belonged to 1 of 8 PFGE types (figure 1) comprising isolates spread among widely separated geographic areas (table 1) . These PFGE types formed 8 nonoverlapping groups, as determined by analysis software used on scanned images (figure 2). PFGE types B and C were found in BRP and b-lactam-sensitive pneumococci (BSP) of shared serotypes, which indicates that the BRP arose directly through horizontal transfers of resistance determinants into these BSP (table 1) . Five PFGE types were highly related to PFGE types found for previously characterized pneumococcal clones. PFGE types D, G, and H might represent common clonal types that have not been previously characterized, since they have PFGE types that are divergent from the 11 known clonal types.
PFGE type A. The 23 PFGE type A isolates, consisting of 5 subtypes (figure 1) and representing serotypes 23F and 19F, were distributed among 6 of the 7 states (table 1) . This broad geographic range is consistent with these isolates originating from the clone Spain 23F lineage [7, 27, 30] , especially since most of these isolates were of serotype 23F. The PFGE subtype A2 and composite restriction profile 6/6/2/2, which is shared between serotype 23F and 19F isolates, are probably indicative of recombination events involving serotype-specific genes at the cps locus and are consistent with previous reports of serotype variants of the Spanish 23F -1 clone [7, 19, 20] . PFGE type B. This was the most frequent PFGE type encountered among the b-lactam-resistant isolates that were analyzed and consisted of 21 type 9V isolates, 10 type 14 isolates, and 9 type 9A isolates. Fifteen subtypes were represented by b-lactam-resistant isolates, 12 of which are shown in figure 1. These isolates were probably of the same lineage as the resistant clone France 9V -3 [7, 29] , which showed the 6/6/2/2 composite profile shared among most of the PFGE type B b-lactam-resistant isolates. The fact that 4 randomly chosen antibiotic-sensitive 9V isolates were also PFGE type B (sub- Figure 1 . Eight pulsed-field gel electrophoresis types from representative isolates and associated subtypes. Lanes: 2-6, subtypes A1-A5, respectively; 7-18, subtypes B1-B12, respectively; 19-27, subtypes C1-C9, respectively; 30, subtype E1; 31 Several examples consistent with capsular switching events due to recombination at the cps locus were evident within PFGE type B isolates. Serotypes 9V, 14, and 9A were each represented by subtype B2 in combination with the common composite profile 6/6/2/2, and, similarly, subtypes B3 and B4 both represented serotypes 9A and 9V, which also shared composite profile 6/6/2/2.
Subtype B13 was shared between a serotype 14 and a serotype 9V isolate, with the former displaying a composite profile, 4/ 7/10/13, found only in serotype 14 PFGE type C isolates. Therefore, this PFGE type B, serotype 14 isolate had consistencies, in 5 different loci (PBP restriction profiles and cps gene ϩ dhf type-specific genes), with PFGE type C isolates.
PFGE type C. There were 31 PFGE type C b-lactam-resistant isolates, all of which were serotype 14. These represented 11 different subtypes, 9 of which are shown in figure   1 . Twenty-two of these isolates had the identical composite restriction profile 4/7/10/13. These isolates were primarily found in Tennessee (24 isolates) but were also found in Georgia, Connecticut, and Minnesota. The PFGE subtype C1 was shared between the previously characterized b-lactam-and trimethoprim-sensitive clone England 14 -9 [31] , which showed the composite profile 1/1/1/1, and a b-lactam-and trimethoprim-sulfamethoxazole (TMP-SMZ)-resistant isolate (profile 4/15/3/13). Three serotype 14 isolates with MICs !1 mg/mL for cefotaxime and penicillin were also PFGE type C, and 1 of these had a PFGE subtype (C10) identical to that of a resistant isolate from another state. Three other examples of apparently widely disseminated type C subtypes were apparent (C2, C8, and C9), with representatives from 2-3 geographic areas (table 1) .
PFGE type D.
This related group included 10 b-lactam-resistant isolates from 4 geographic areas, all but 2 of which had distinguishable related PFGE subtypes (figure 1). Subtype D4 was shared between a 6B and a 23F isolate. Seven -2 (strain GM17) [28] and 4 serotype 6B single isolates representing 4 separate subtypes (figure 1). These isolates shared similar composite restriction profiles, and each isolate was from a different geographic area.
Resistance to other antibiotics. In addition to MICs for cefotaxime, penicillin, and TMP-SMZ, MICs were also determined for amoxicillin, erythromycin, clindamycin, chloramphenicol, rifampin, ofloxacin, and vancomycin. As expected, amoxicillin-susceptibility profiles closely correlated with penicillin resistance. All isolates were sensitive to rifampin and vancomycin. Only 2 isolates were resistant to ofloxacin, with the remaining isolates either sensitive or intermediately resistant to ofloxacin (7 isolates, data not shown).
Consistencies of antibiotic-resistance patterns were observed within each PFGE type (table 2) . Most type A, C, and D isolates were resistant to erythromycin and sensitive to clindamycin, which is consistent with these isolates expressing the macrolide-specific efflux mechanism encoded by mefE [40] . Four PFGE type A strains and 10 of 11 type G, H, and K isolates were resistant to both erythromycin and clindamycin, which is consistent with conjugative transposon-associated ermAM-mediated resistance [41] and the previous detection of ermAM associated with Tn3872 in the clonal backgrounds of Spain 6B -2 and Spain 23F -1 (PFGE types K and A, respectively) [42] .
Twenty-two of 23 type A isolates and 3 of 4 type K isolates were resistant to chloramphenicol, indicating the likelihood of these isolates carrying a conjugative transposon harboring the cat gene. All other PFGE type isolates were sensitive to chloramphenicol, except for 2 type C isolates.
Although there was overall consistency, in capsular serotype, within identical PFGE subtypes, several examples of noncongruent associations were found (table 1). Variations from the major antibiotic susceptibility profiles were also found for erythromycin, clindamycin, and chloramphenicol within PFGE subtypes A2, B2, B13, C2, C4, and C7 (data not shown).
Correlates of PBP-gene amplicon profiles to b-lactam resistance. A total of 12, 24, 24, and 15 restriction profiles were found for amplicons specific for pbp1a, pbp2b, pbp2x, and dhf, respectively ( figure 3A-3C ). A total of 38 different composite pattern profiles for the 4 resistance genes were found among the 144 isolates with MICs у1 mg/mL for penicillin or cefotaxime (or both; table 1, defined as BRP). Fifty-four (38%) of the 144 BRP, which were of 5 different capsular serotypes, shared a common composite profile (6/6/2/2) of the pbp1a, pbp2b, pbp2x, and dhf-gene amplicons, respectively (table 1). One other major composite profile (4/7/10/13) accounted for 23 BRP (16%), all of which were serotype 14. Fifty-four (70%) of the remaining 77 profiles displayed у1 of the 6 individual PBPgene profiles comprising 6/6/2/2 and 4/7/10/13 (i.e., 1a-6, 1a-4, 2b-6, 2b-7, 2x-2, or 2x-10; table 1).
Prior to this work, we analyzed PBP-gene restriction profiles of several pre-penicillin-resistance era reference strains of different serotypes and found that each exhibited pbp1a profile 1 (1a-1), pbp2b profile 1 or 2 (2b-1 or 2b-2), pbp2x profile 1 (2x-1) , and dhf profile 1 (dhf-1) (data not shown). In addition, we found that all 63 isolates with a MIC for penicillin of !0.03 mg/mL had 1 of 2 pbp2b HaeIII profiles [25] . Subsequently, we have found that these same isolates have the HaeIII plus RsaI profile 1 or 2 found in this study.
Of the 144 BRP, only 2 had profiles for any of the 3 PBP genes characteristic of the 99 isolates with MICs р0.5 mg/mL for penicillin and cefotaxime (BSP isolates; table 1). One of these was a serotype 7F isolate with classic sensitive profiles for all 3 PBP genes and dhf (1/1/1/1), and the other was a serotype 19F isolate that contained the sensitive profile 2b-2 (table 1) . However, both of these isolates had MICs у0.5 mg/ mL for penicillin and cefotaxime. In contrast, of the 97 BSP, 84 (86%) contained the sensitive preresistance-era pbp1a or pbp2b (or both) profiles 1a-1, 2b-1, or 2b-2 (table 1). The remaining 13 BSP also contained profiles for pbp1a and pbp2b that were not found in any of the BRP (table 1) .
As seen in table 3, most isolates judged sensitive to penicillin and cefotaxime by NCCLS standards [43] . We found more pattern diversity in pbp2x among BSP (13 profiles, compared with 7 for pbp1a and 9 for pbp2b; table 1), although the pbp2x-sensitive patterns 2x-1 and 2x-8 composed 82% (59/72) of the penicillin-sensitive isolates and 64% (63/98) of the cefotaxime-sensitive isolates. Seventy-one (73%) of the 97 BSP displayed sensitive profiles (1a-1, 2b-1, 2b-2, 2x-1, 2x-8 ) for at least 2 of the 3 PBP-gene amplicons, whereas 14 BSP had sensitive profiles for only 1 of the amplicons (11  1a-1, 2 2b-2, and 1 1x-8) .
Only 12 (12%) of the 97 BSP did not display profile 1a-1, 2b-1, 2b-2, 1x-1, or 1x-8. These included 3 of 1a/2b/2x profile 5/5/7, 7 of profile 7/9/12, and 1 isolate for each of the profiles 5/10/14 and 9/12/22. It should be noted that, by NCCLS standards, all 12 of these isolates actually had intermediate MICs of 0.12-0.5 mg/mL for penicillin (data not shown), which are often associated with mosaic pbp2b genes.
Correlates of dhf-gene amplicon profiles to TMP-SMZ resistance. Although isolates were initially chosen on the basis of consideration of resistance to the b-lactam antibiotics penicillin G and cefotaxime, BRP are often resistant to other antibiotics [13, 14] , including TMP-SMZ (table 1) . Fifteen different dhf restriction profiles were found among the 161 trimethoprimresistant pneumococci (TRP, MICs у2 mg/mL for TMP-SMZ), for the ∼550-bp dhf amplicon ( figure 3D ). The abundance of restriction profiles in TRP, compared with those in trimethoprim-sensitive pneumococci (TSP; MIC !2 mg/mL), suggested Figure 4 . Alignment of dhf-gene product from trimethoprim-sensitive isolate (isolate 5) and 5 other isolates with trimethoprim-sulfamethoxazole MICs у2 mg/mL. Values are no. of base differences between sensitive dhf and resistant structural genes; resultant no. of amino acid differences and dhf amplicon profiles are also shown. Amino acid differences from sensitive product and substitutions found in у2 resistant dhf products are indicated below alignment. a degree of allelic variation characteristic of mosaicism. Of these 161 TRP, 118 (71%) displayed profiles dhf-2, dhf -13, or dhf-14. dhf-specific amplicons for the isolates represented by profiles dhf-13-15, representing 50 isolates (table 1), were not obtainable after repeated attempts with primers dfrf and dfrr, which in the majority of the isolates annealed just upstream and downstream, respectively, of the dhf structural gene. For these 50 isolates, primers dhfr5 and dhfr3, which anneal to the 5 and 3 ends, respectively, of the dhf structural gene, were used. It is not known whether patterns 13-15 would be generated from any of the other isolates of this study by use of primers dhfr5 and dhfr3; however, because all 50 of these isolates were TRP and were not amplifiable with dhff and dhfr, we are certain that these isolates vary from all the other 192 isolates in the sequence(s) closely flanking dhf. It is interesting that dhf-13 was found only in serotype 14 TRP (39 isolates), and dhf-14 was found primarily in serotype 6B TRP (6/10 isolates) (table 1) .
Of the 80 TSP, 74 (92%) were of the pattern dhf-1 (table 1) , which is common to several different CDC reference strains from the preresistance era (data not shown). The other 6 TSP displayed either dhf-2 (1 isolate), dhf-3 (4 isolates), or dhf-11
(1 isolate). The latter 2 patterns were not found in the TRP. Of the 80 TSP, 71 isolates were sensitive to TMP-SMZ by NCCLS guidelines (MIC р0.5 mg/mL), and 66 of these 71 were dhf-1 (table 3) .
As reported elsewhere, we also found little sequence divergence within sensitive dhf alleles [17, 18] . In each of 3 dhf alleles (1 of which was profile dhf-3) from isolates with TMP-SMZ MICs !2 mg/mL, 0-3 base changes were found, compared with 0-2 amino acid differences for the sensitive allele from strain 5 (identical to dhf of strain ATCC 49619; GenBank Z74778). Neither of these changes included the Isoleu-100rLeu substitution that is consistently associated with high levels of trimethoprim resistance [17, 18] .
Six of the 80 isolates that were profile dhf-1 had MICs у2 mg/mL for trimethoprim. Sequence analysis of the dhf gene from 3 of these TRP (isolates 233, 66, and 95) revealed that 2 contained only 2 or 3 bases different from the wild-type sensitive strain dhf genes, resulting in 1 or 2 amino acid changes from sensitive dhf products (figure 4). In contrast, isolate 95 had a dhf sequence markedly different from that of sensitive alleles, with 27 nucleotide substitutions distributed over the length of the 504-bp dhf structural gene, resulting in 10 amino acid differences (figure 4).
Two additional resistant dhf alleles of the common resistant profile 2 were sequenced from isolates 126 and 17, which shared the exact same DNA sequences as the previously reported resistant isolates 21 [17] and AP48 [18] , respectively. Isolates 17 and 126 contained the Isoleu-100rLeu change, and each had a high number of bases (37) different from those of the isolate 5 profile 1 sensitive allele, which resulted in 11-12 amino acid changes. Surprisingly, there were 34 nucleotide differences between these 2 dhf pattern 2 alleles (data not shown), resulting in 8 amino acid sequence differences. Despite differences between the restriction profiles of isolate 95 and those of isolates 126 and 17, isolate 95 shared with isolates 126 and 17 many of the same specific nucleotide changes from wild-type dhf sequences. Of 30 codon differences from the wild-type dhf sequence shared between at least 2 of these resistant isolates, the majority of these changes were found in the isolate 95 dhf gene (data not shown). These included the codons specifying the amino acid changes at positions 20, 26, 70, 92, and 100 (figure 4). Of the amino acid substitutions seen in these 5 resistant isolates, Glu20-Asp, Pro70-Ser, Gln81-His, Asp92-Ala, and Ile100-Leu were previously reported as redundant substitutions commonly found among independent resistant dhf alleles [17] .
Of the 5 TRP subjected to dhf sequence analysis, only isolate 233 did not have a conservative IsoleurLeu substitution at residue 100. The TMP-SMZ MIC of isolate 233 was 2 mg/mL, compared with у4 mg/mL for the other 4 TRP, which is consistent with previous observations indicating that the Isoleu100rLeu substitution is required for high levels of resistance to TMP-SMZ [17, 18] . Although we repeated the TMP-SMZ MIC testing to verify these results, we have not done experiments to determine whether the Isoleu-17rPhe substitution in isolate 233 is responsible for the observed TMP-SMZ resistance.
Discussion
The work presented here is in agreement with previous reports showing that b-lactam resistance exists in several different genetic backgrounds within the United States [30] . The high coincidence of the specific composite profile of the 3 PBP genes and dhf, 6/6/2/2, among different genetic backgrounds is not understood. The 6/6/2/2 pattern is found at a high frequency among both PFGE types A and B and also was found in clone Spain 23F and clone France 9V isolates. Since these 2 clones predate the other PFGE A and B isolates in this study, this may indicate that these specific profiles arose through independent events from the same closely related nonpneumococcal species and that each proliferated by clonal expansion.
The same reasoning might rationalize the seemingly low probability of the composite profile 4/7/10/13 occurring in 2 different genetic backgrounds (in PFGE type C and in 1 PFGE type B isolate). For example, the conserved restriction maps of the profile 2 dhf alleles sequenced during this study might reflect mosaicism contributed by the same nonpneumococcal species, and the significant sequence differences between them might reflect different crossover points or point mutations (or both). Alternatively, the common composite profiles 6/6/2/2 and 4/7/ 10/13 may have arisen in pneumococci only once and then spread to other pneumococcal strains through recombination events. If the PBP-gene alleles of a given restriction profile display a comparable amount of sequence variation exhibited by the 2 dhf-2 alleles sequenced in this study, then the reservoir of resistant PBP genes is even more heterogeneous than what has been indicated by PBP-gene profiling.
The use of an approach detecting variation in unlinked, variable chromosomal loci, in combination with analysis of overall genomic relatedness (e.g., through PFGE typing), is required for unambiguous strain tracking. During this study, we found 9 examples of b-lactam-resistant isolates sharing identical PFGE subtypes but with differing PBP gene-dhf composite profiles (A2, B13, C2, C9, E2, E4, E5, E7, H1). It has been well established that the 3 PBP genes and dhf have little sequence variability among wild-type strains sensitive to both blactam antibiotics and trimethoprim [13, 14, 17, 18] . Nonetheless, we found 33 different composite restriction profiles of these 4 genes among BSP, which makes this approach potentially useful for epidemiologic investigations involving BSP.
As alluded to above, the basis for the strong association of identical PBP gene-dhf composite profiles with multiple genetically distinct populations is not understood. We are certain that the PFGE types and associated subtypes we assigned are valid. Although the computerized calculation of Dice coefficients showed no overlap between the PFGE types (figure 2), the Dice coefficients were underestimated because of an inability to resolve closely migrating fragments. In addition, we found in several situations that 2 identical PFGE profiles run in different lanes on the same gel only gave Dice coefficients of 0.88-0.93, regardless of the allowed standard migration error set for band migration. The overall similar composite gene profiles shared by isolates within assigned PFGE types also provides evidence of genetic relatedness. We have subsequently found further suggestive evidence of the validity of the assigned PFGE types through pspA (pneumococcal surface protein A gene) amplicon restriction profiling (authors' unpublished data). As others have reported [44] , we have found considerable variation in pspA. We have found strong associations of pspA sequence and restriction-profile types with specific PFGE types. With the exception of PFGE type E, which showed considerable diversity in pspA types, major pspA restriction fragment length polymorphism types appeared to be almost completely specific to each of the major PFGE types presented in this work (authors' unpublished data). Of importance, this observation has proved true for the previously identified PFGE subtype 1 ref-
